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[57) ABSTRACT

An automatic warming-up apparatus and a warming-up
method applied in various hydraulic systems which are
equipped with an engine and a hydraulic pump driven
by the engine, and controlled by a microcomputer. The
warming-up apparatus has at least one hydraulic actua-
tor operated by an oil discharged from the hydraulic
pump, a first temperature sensor detecting the tempera-
ture of a lubricant oil of the engine, a second tempera-
ture sensor detecting the temperature of a cooling water
of the engine, a third temperature sensor detecting the
temperature of a pressurized oil of the hydraulic system,
an input/output unit sending to the controller the tem-
perature signals received from the sensors.

4 Claims, 2 Drawing Sheets
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AUTOMATIC WARMING-UP APPARATUS AND
METHOD THEREOF IN HYDRAULIC SYSTEM

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an automatic warm-
Ing-up apparatus and a method thereof in hydraulic
system, and more particularly, to an automatic warm-
ing-up apparatus and a method thereof applied in vari-
ous hydraulic systems which are equipped with an en-
gine and a hydraulic pump driven by the engine, and
controlled by a microcomputer.

2. Description of the Prior Art

The conventional hydraulic system is provided with
an engine and a hydraulic pump driven by the engine,
and operated by supplying a discharge oil of the hy-
draulic pump to one or a plurality of hydraulic actua-
tors.

In such a system, since lubricant oil and pressurized
oil are not warmed up enough right after starting the
system, there has been problems that the overall system
mcluding the engine and the hydraulic components
becomes overstrained when the load is acted on the
hydraulic actuator. Accordingly, it has been usually
warmed up for a certain amount of time right after
starting the system.

The conventional warming-up methods in hydraulic
system are disclosed in Japanese utility model laid-open
No. 80-85329, No. 85-147852, and Japanese patent laid-
open No. 85-119342, and No. 87-167922.

In general, these methods include the method in
which the warming-up is performed until the operation
can be done with 100% load by increasing manually the
rotation speed of the engine or controlling the discharge
pressure and the discharge oil amount of the hydraulic
pump, and the method in which an instruction is given
by a controller so that the engine is warmed-up until the
appropnate number of rotation is reached and, at the
same time, the discharge pressure and the discharge oil
amount of the hydraulic pump are adjusted based on the
allowable output of the engine which is determined by
detecting the rack position of a fuel supply pump
through a sensor.

However, the manual warming-up method has prob-
lem that 1t is not only inaccurate but toilsome, and the
automatic warming-up method has problems of the
difficult initial adjustment of the sensor for detecting the
rack position, an aging due to the use for a long period,
and a weak environmental durability since it is installed
in the inside of the engine.

SUMMARY OF THE INVENTION
It 1s an object of the present invention to provide an
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in a hydraulic system to solve the conventional prob-
lems described in the above.

It 1s another object of the present invention to pro-
vide an automatic warming-up apparatus and a method
thereof in a hydraulic system with a stable performance,
a low manufacturing cost, and an improved reliability.

According to one aspect of the present invention,
there is provided an automatic warming-up apparatus in
a hydraulic system, comprising: an engine; a hydraulic
pump driven by said engine; at least one hydraulic actu-
ator operated by an o1l discharged from said hydraulic
pump; a controller controlling the rotation speed of said
engine and the discharge oil amount and pressure of said
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hydraulic pump; a first temperature sensor detecting the
temperature of a lubricant oil of said engine; a second
temperature sensor detecting the temperature of a cool-
ing water of said engine; a third temperature sensor
detecting the temperature of a pressurized oil of said
hydraulic system; an input/output unit sending to said
controller the temperature signals received from said
sensors; and said controller controlling the rotation
speed of said engine and the discharge otl amount and
pressure until said temperature signals reach predeter-
mined values.

According to another aspect of the present invention,
there 1s provided a method for an automatic warming-
up in a hydraulic system comprising an engine, a hy-
draulic pump driven by said engine, at least one hydrau-
lic actuator operated by an oil discharged from said
hydraulic pump, and a controller controlling the rota-
tion speed of said engine and the discharge oil amount
and pressure of said hydraulic pump, comprising the
steps of: detecting the temperature of a lubricant oil of
said engine, the temperature of a cooling water of said
engine and the temperature of a pressurized of said
hydranlic system; sending the temperature signals to
said controller; determining whether or not a warming-
up 1s performed by comparing said temperature signals
with predetermined temperature values; performing
either a normal operation in case said temperature sig-
nals are above said predetermined values or a warming-
up operation in case said temperature signals are below
said predetermined values by controlling the rotation
speed of said engine and the discharge oil amount and
pressure of said hydraulic pump.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram illustrating an
automatic warming-up apparatus according to one em-
bodiment of the present invention; and °

FIG. 2 1s a flow diagram illustrating a warming-up
process of the apparatus according to FIG. 1.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following, one preferred embodiment of the
present invention will be described in detail with refer-
ence 10 the accompanying drawings.

FIG. 1illustrates an automatic warming-up apparatus
according to one embodiment of the present invention.
As shown in FIG. 1, a hydraulic system employing the
automatic warming-up apparatus of this embodiment
has an engine 2, a hydraulic pump 5 driven by the en-
gine 2, a hydraulic valve 6 for supplying selectively the
discharged oil from a hydraulic pump 5 to a corre-
sponding hydraulic actuator 11, an engine controller 1
for controlling the engine 2 by the operation amount of
a throttle lever 3 and the speed signal received from a
rotation speed sensor 14 of the engine 2, and a pump
controller 4 for controlling variably the discharge pres-
sure, the discharge oil amount of the hydraulic pump 5
and the direction of the hydraulic valve 6 by the control
signal received from the engine controller 1.

Reference numeral 12 is an oil tank.

The scope of the present invention does not limit to
the hydraulic system described in the above which
illustrates the only one embodiment of the present in-
vention. In other words, the automatic warming-up
apparatus of the present invention can be applied for
various types of hydraulic systems, for example, the



5,410,878

3

engine controller and the pump controller can be con-
sisted of a single controller containing a microcom-
puter.

The automatic warming-up apparatus of this embodi-
ment has a first temperature sensor 10 for detecting the
temperature of lubricant oil of the engine 2, a second
temperature sensor 15 for detecting the temperature of
cooling water of the engine 2, a third temperature sen-
sor 13 for detecting the temperature of pressurized oil in
the oil tank 12, and an input/output unit for sending to
the engine controller 1 the temperature signals (i.e. the
temperature signals of lubricant oil, cooling water, and
pressurized oil) received from the sensors 10, 15 and 13,
respectively.

It 1s preferable that a display unit(9: monitor) is con-
nected to the input/output unit 8 so that the tempera-
ture signals are displayed in distinguished forms.

In the following, the operation process of the auto-
matic warming-up apparatus according to this embodi-
ment will be described with reference to FIG. 2.

After the engine 2 is put to start, the lubricant oil
temperature signal, cooling water temperature and
pressurized oil temperature signal detected from the
first temperature sensor 10, the second temperature
sensor 15 and the third temperature sensor 13 respec-
tively, are sent to the engine controller 1 through the
input/output unit 8(1st step).

The engine controller 1 determines whether or not
the warming-up is performed by comparing the temper-
ature signals from the temperature sensors 10, 13 and 15
with predetermined values(2nd step).

According to the result of the 2nd step, if the temper-
atures are high enough, i.e., above the predetermined
values, the 9th step is immediately proceeded to carry
out low-idling operation.

On the other hand, according to the result of the 2nd
step, if the temperatures are below the predetermined
values, an instruction is given to the engine 2 for warm-
ing-up(3rd step). This warming-up instruction is accom-
plished by sending the control signal to the throttle
lever 3 so that the engine 2 is driven by the predeter-
mined rotation speed(4th step).

The pump controller 4, according to the instruction
from the engine controller(5th step), slowly increases
the discharge oil amount and pressure of the hydraulic
pump 5 and hydraulic valve 6 until the change rate m
the rotation speed of the engine 2 reaches the predeter-
mined values(6th step). At this time, the change rate 1n
the rotation speed of the engine 2 is determined by the
maximum load capacity of the engine 2 required by the
hydraulic actuator 11.

The 7th step determines whether or not the discharge
oil amount and pressure increased in the 6th step have
reached the predetermined change rate in the rotation
speed of the engine 2. If the increased discharge oil
amount and pressure have not reached the predeter-
mined value, the process goes back to the 6th step and
increases further the discharge o1l amount and pressure.

If the increased discharge o1l amount and pressure
have reached the predetermined value, the operation of

the engine 2 is continued, and simultaneously, the tem- ¢5

perature signals are detected again by going back to the
Ist step(8th step).

4
Thus, the engine and the hydraulic pump in the hy-

draulic system can be warmed up effectively by carry-
ing out the above process repeatedly.

As described in the above, the automatic warming-up
apparatus of the present invention is applied in the hy-
draulic system with a stable performance, a low manu-
facturing cost, and a greatly improved reliability.

What is claimed is:

1. An automatic warming-up apparatus in a hydraulic

10 system, comprising:
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an engine;

a hydraulic pump driven by said engine;

at least one hydraulic actuator operated by an oil
discharged from said hydraulic pump;

a controller controlling the rotation speed of said
engine and the discharge oil amount and pressure
of said hydraulic pump;

a first temperature sensor detecting the temperature
of a lubricant oil of said engine;

a second temperature sensor detecting the tempera-
ture of a cooling water of said engine;

a third temperature sensor detecting the temperature
of a pressurized oil of said hydraulic system;

an input/output unit sending to said controller the
temperature signals received from said sensors; and

said controller controlling the rotation speed of said
engine and the discharge oil amount and pressure
until said temperature signals reach predetermined
values.

2. The automatic warming-up apparatus of claim 1,

further comprising:

a display unit connected to said input/output unit so
that said temperature signals are displayed in distin-
guished forms. .

3. A method for an automatic warming-up in a hy-
draulic system comprising an engine, a hydraulic pump
driven by said engine, at least one hydraulhic actuator
operated by an oil discharged from said hydraulic
pump, and a controller controlling the rotation speed of
said engine and the discharge oil amount and pressure of
said hydraulic pump, comprising the steps of:

detecting the temperature of a lubricant oil of said
engine, the temperature of a cooling water of said
engine and the temperature of a pressurized of said
hydraulic system;

sending the temperature signals to said controller;

determining whether or not a warming-up 1S per-
formed by comparing said temperature signals with
predetermined temperature values;

performing either a normal operation in case said
temperature signals are above said predetermined
values or a warming-up operation in case said tem-
perature signals are below said predetermined val-
ues by controlling the rotation speed of said engine
and the discharge oil amount and pressure of said
hydraulic pump.

4. The method of claim 3, wherein said fourth step

comprising the step of:

controlling the rotation speed of said engine to be
below a predetermined rotation speed value, and
the discharge oil amount and pressure of said hy-
draulic pump to be increased relatively slowly until
the change rate of the rotation speed of said engine
reaches said predetermined rotation speed value,
when said temperature signals are below said pre-

determined values.
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